Lesions of natural Helichrysum argyrosphaerum poisoning were studied in eight sheep and one goat. Light microscopic examination revealed widespread, bilaterally symmetrical status spongiosis of the white matter of the brain consistently present in the subependymal area adjacent to the lateral ventricles, cerebellar peduncles, and brain stem in all animals. In three animals, the ultrastructural finding of intramyelinic vacuolation due to splitting of the myelin lamellae at the intraperiod lines indicated myelin edema. There was also mild distension of perivascular and extracellular spaces in the severely affected areas. Significant changes were absent in neurons, glial cells, axons, or blood vessel walls. Myelin edema associated with degeneration and loss of axons and myelin and astrocytic gliosis was present in the intraorbital and intracranial portions of the optic nerves. In the intracanalicular portions of the nerves in three animals that were studied, more chronic lesions consisting of fibrosis and atrophy of the nerve suggested that the optic neuropathy follows compression of the nerve in the optic canal as a result of myelin edema. The toxic principle of the plant also caused a degenerative retinopathy in five animals. The essential histopathologic change was degeneration and loss of the photoreceptor outer segments predominantly in the nontapetal retina. These retinal lesions were associated with hyperplasia and hypertrophy and with migration of the pigmented epithelium, focal retinal separation, and depletion and loss of the nuclear layers.
Blindness, paresis, and paralysis in sheep and cattle grazing on pastures consisting mainly of the plant Helichrysum argyrosphaerum DC. (Asteraceae) has been reported from Namibia.2 Its toxicity was confirmed by feeding plant material to sheep.2 Light microscopic evaluation of affected animals revealed bilaterally symmetrical status spongiosis of the white matter of the brain and spinal cord. Lesions were most striking in the periventricular white matter, middle cerebellar peduncles, and pyramidal and optic tracts. Myelinic vacuolation and necrosis of the optic nerves and necrosis of the retina primarily involving the photoreceptor layer were also described.
Notwithstanding the wide distribution of H. argyrosphaerum in southern Africa, outbreaks of the toxicosis have been restricted to Namibia.ll The plant is commonly found on exposed, disturbed ground and may become abundant whenever the natural pasture is heavily grazed. The toxic principle of the plant is unknown, and no investigative work has been performed on the toxicosis since its original description in 1978.2 In 1988, outbreaks ofHelichrysum poisoning were diagnosed in sheep and goats from two farms in the northwestern Cape Province, South Africa. Abnormally high rainfall in the late summer and early spring (February-May) in the area ended a 9-year drought. During August, outbreaks of blindness, paresis, and paralysis were observed in weaner lambs 4-5 months of age and a few goat kids and ewes on two farms after the animals had been in camps for two months. Animals were seen grazing H. argyvosphaerum, which covered more than 60% of the surface area of the camps. These outbreaks of Helichrysum poisoning in sheep and goats provided an opportunity for detailed study of the lesions in the optic nerve and retina and to describe the ultrastructural changes in the brain and optic nerve.
Materials and Methods

Case history
Formalin-fixed tissues specimens from six sheep, five 5-7-month-old lambs (Nos. 1-5) and one adult sheep (No. 6), van 9) , which were obtained 4-8 weeks after the onset of clinical signs in the flocks. Animals were blind and had dilated and unresponsive pupils and nystagmus. One lamb (No. 8) was paretic, and one ewe (No. 7) exhibited unilateral circling and frequent head shaking. The nervous signs became accentuated when the animals were disturbed or handled. One goat (No. 9) and an agematched control were examined by direct and indirect ophthalmoscopy. In the blind goat, there was slightly increased reflectivity of the tapetal fundus and a few irregular, darkbrown pigmented areas on the nontapetal fundus.
Pathology
Formalin-fixed portions of brain and spinal cord and the entire eyes were received from six animals (Nos. 1-6). Live animals (Nos. 7-9) were killed by an intravenous overdose ofpentobarbitone sodium, and a complete necropsy was performed. At necropsy, the entire brain and spinal cord, eyes, portion of the ischiatic nerve, and a range of tissue specimens including the liver and kidney were collected for light microscopy. The intracanalicular portion of the optic nerves were removed by cutting a block of sphenoid bone (optic block) approximately 50 x 30 x 30 mm in size. 6 The eyes and the intraorbital portion of the optic nerves were immersed in Zenker's fixative within 10 minutes of euthanasia. The other specimens were fixed for 5 days in 10% neutral buffered formalin. After fixation, the optic blocks were decalcified in 10% formic acid and trimmed to expose the transverse surfaces of the optic nerve in the bony optic canal. The brains of animal Nos. 7-9 were serially sectioned, and blocks were prepared from levels cut at the olfactory tubercle and cortex, cerebral cortex (frontal, parietal, temporal, and occipital lobes), basal nuclei, thalamus, mesencephalon, pons, two levels of medulla oblongata, and the spinal cord in the cervical, thoracic, and lumbosacral portions. Midsagittal slabs containing the optic nerve were trimmed from each globe. All tissues were routinely processed for paraffin embedment, and 5-6-pm sections were stained with hematoxylin and eosin (HE). Selected sections of brain, spinal cord, and optic nerves were stained with luxol fast blue/periodic acid-Schiffl hematoxylin (LFB/PAS/H), luxol fast blue/Holmes (LFB/H), and Masson's trichrome (MT). Ocular sections were stained with PAS. Mounted unstained sections of the eyes from animal Nos. 7-9 were studied by fluorescence microscopy.
For electron microscopic examination, specimens of the cerebral subependymal white matter adjacent to the lateral ventricles and the intraorbital optic nerve were collected from three animals (Nos. 7-9). Tissues were diced into 1 mm cubes and fixed by immersion in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer within 15 minutes o f euthanasia. Specimens were postfixed in osmium tetroxide, dehydrated in a graded ethanol series, cleared in propylene oxide, and embedded in Polarbed 8 12. Semithin sections were stained with toluidine blue for tissue orientation. Ultrathin sections were stained with uranyl acetate and lead citrate and studied with a transmission electron microscope.
Results
Gross lesions
In two animals (Nos. 7, 9) the intraorbital optic nerves were of normal thickness but were slightly yellowishbrown on cut surface. The brains and other tissues and organs appeared normal.
Histologic lesions
Light microscopic examination of the central nervous system in all animals corresponded to that of the earlier description2 and revealed widespread status spongiosis of the white matter of the brain and spinal cord and, less frequently, of the spinal nerve roots (Figs. 1, 2). Lesions were essentially bilaterally symmetrical in the brains of animaI Nos. 7-9, which were studied for symmetry. Vacuoles were round to ovoid or elongate and approximately 5-1 00 pm in diameter; most were 5-30 bm. In severely affected areas, a weblike appearance of the white matter produced a rarified appearance of the myelin, and in these areas sections stained with LFB revealed a paucity of myelin staining. The vacuoles were empty, often multilocular, and partitioned by thin LFB-positive material interpreted as myelin and occurred independent of vascular elements. Toluidine blue-stained sections confirmed that the vacuoles were bounded by myelin lamellae. The spongy change varied in degree and extent among an-. imals, but the most severe and consistently affected areas included the cerebral white matter adjacent to the lateral ventricles, cerebellar peduncles, and the brain stem, particularly the pons (Table 1) involvement of the gray matter, indicated by perivascular and pericellular edema.
In the intraorbital and, to a lesser extent, the intracranial portion of the optic nerves in six animals (Nos. I , 3, 4, 6, 8, 9), extensive myelinic vacuolation was evident (Fig. 3) . In the other three animals (Nos. 2, 5 , 7), more advanced lesions in these portions of the nerve were characterized by destruction and marked loss of myelinated axons and accumulations of foamy macrophages consistent of Wallerian degeneration and prominent pial septa (Fig. 4) . Some axons within dilated myelin sheaths had ovoid to elliptical swellings. Lesions in the intracanalicular portion of the nerves in the three animals studied (Nos. [7] [8] [9] were more chronic than those in the intraorbital and intracranial portions. In two animals (Nos. 8, 9) , there was marked fibrous thickening of pial septa and loss of axons and myelin with large numbers of reactive astrocytes. In one animal (No. 7) , the nerve was largely replaced by collagen, leaving a constricted fibrotic segment of intracanalicular nerve within the bony optic canal (Figs. 5 , 6). In the shrunken nerve, there was a complete loss of bundles of nerve fibers, leaving cavities that contained aggregates of foamy macrophages and cellular debris, thickening of the meninges, and widening of the subarachnoid space. In five animals (Nos. 1, 3, 7, 8, 9) , bilateral degenerative changes were evident in the peripapillary and midzonal retina in nontapetal areas, with less extensive change in the tapetal retina. The mildest change was multifocal and coalescing areas of disruption, shortening, and loss of the photoreceptor outer segments (Fig. 7) . Slightly more advanced lesions comprised fragmentation of the outer photoreceptor segments accompanied by multifocal hyperplasia and hypertrophy of the retinal pigmented epithelium with the accumulation of small clumps of pigmented cells of various sizes within a small subretinal space, resulting in focal retinal separation (Fig. 8 ). The pigmented cells contained abundant melanin granules that completely obscured the nuclei. In some foci, there was attenuation or patchy loss of the outer nuclear layer overlying the pigmented cell clumps (Fig. 9 ). In the severely affected retina, the photoreceptor and outer nuclear layers were mostly absent, and there was thinning or focal disappearance of the inner nuclear layer, multifocal retinal separation, and migration of pigment-laden cells into the inner retinal layers, including the ganglion cell layer (Fig. lo) . Some extracellular oval and elongated melanin granules in the inner retina were also present. In these areas of severe retinal degeneration, portions of the pigmented epithelium were discontinuous or atrophic and devoid of pigment. No autofluorescent or PAS-positive pigment was detected in the retinal pigmented epithelium. Chronic lesions in one animal (No. 7) comprised depletion and loss of all retinal layers, resulting in a poorly cellular glial scar. A variable reduction or absence of ganglion cells and gliosis of the ganglion cell and nerve fiber layers and of the optic papilla occurred in four animals (Nos. 1, 7, 8, 9) . No significant lesions were present in the other organs and tissues.
Ultrastructural lesions
Electron microscopic evaluation revealed that the status spongiosis of the white matter was due to numerous intramyelinic vacuolar spaces lined by myelin lamellae (Fig. 11) . The vacuoles were of various sizes and occurred as a result of splitting of myelin lamellae at the intraperiod lines, most commonly at the external third of the myelin sheath ( Fig. 11, inset) . The degree of myelin splitting differed from one myelin sheath to another, and multiple vacuoles were often noticed within the same sheath. Vacuoles were either empty or contained fragmented membranes. Distension of perivascular and extracellular spaces and of perivascular astrocytic processes was evident in some areas of pronounced myelin vacuolation. No other structural alterations were seen in neurons, axons, or other tissue elements. There was no evidence of myelin breakdown.
In the intraorbital optic nerves, the lesions consisted of myelin vacuolation, degenerating myelin and axons, reactive changes in glial cells, and the presence of macrophages. Several axons were swollen and contained vesicular structures, granular material, and remnants of organelles. Others were shrunken and had collapsed myelin sheaths. The cytoplasm of many astrocytes and oligodendrocytes was vacuolated and contained lipid droplets and myelin debris (Fig. 12) . Lamellar, membranous, and dense inclusions and breakdown products of myelin were noted in phagocytic cells in areas most severely affected.
Discussion
Histologic lesions in the central nervous system and optic nerves in this study of H. argyrosphaerum poisoning were similar to those in previously reported cases and comprised widespread status spongiosis, with the subependymal area adjacent to the lateral ventricles, cerebellar peduncles, and brain stem consistently and most severely affected. Status spongiosis is a term applied to the sievelike appearance of nervous tissue associated with intracellular, extracellular, and intramyelinic accumulation of fluid and artifactitious dissolution of myelin.' The most common morphologic alteration associated with myelin vacuolation is separation of lamellae along the intraperiod line,I0 considered to indicate myelin edema.5J7 Electron microscopic examination of these animals confirmed intramyelinic vacuolation due to splitting of myelin lamellae at the intraperiod lines. Similar lesions of the white matter in spongiform myelinopathies have been described in a variety of disorders in humans and animals, including experimental intoxications by hexachlorophene,12,21 triethyl tin,9 cuprizone,20 and isoni- We propose a similar sequence of events in H. argyrosphaerum poisoning.
The unidentified toxic principle of Helichrysum blandowskianum causes periacinar liver necrosis, widespread hemorrhages, and presumptive hepatic encephalopathy, with spongiform change in the central nervous system, particularly in the cerebellum and pons in sheep and cattle in A~stra1ia.l~ Hepatic necrosis is not a feature of H. argyrosphaerum poisoning.
The toxic principle of H. argyrosphaerum also causes retinal degeneration. The primary retinal lesion was multifocal degeneration and loss of the photoreceptor outer segments, predominantly in the nontapetal retina and progressing to depletion and loss of all retinal layers. The observed changes in the outer layers of the retina and in the pigmented epithelium cannot be explained by the optic neuropathy because little if any histologic evidence of transneuronal degeneration is seen in retinas with optic nerve damage, even with complete transection of the nerve.I9 A few differences in the retinal lesions were apparent between the present cases and those previously reported.2 Hyperplasia of the pigmented epithelium and focal retinal separation with the accumulation of small clumps of pigmented cells within a small subretinal space were not described but were illustrated in one of the figures in the original report. Evaluation of eye sections of these earlier cases from the files of the Section of Pathology, Onderstepoort Veterinary Institute, confirmed the presence of these lesions. Congestion, edema, and hemorrhages in the choroid and retina in the earlier cases were not seen in the present animals and may be related to toxin dose or plant factors. Atrophy and loss of the ganglion cells and gliosis of the ganglion cell and nerve fiber layers may be explained by the marked axonal degeneration of axons in the optic nerves.I9
The essential change in other toxic retinopathies, including poisoning by S. glauca,26 bracken fern (Pteridium a q u i l i~l u m ) ,~~,~~ closantel (J. J. van der Lugt, personal observations), and probably S. i m b r i c~t a ,~~ is also located in the photoreceptor layer. Primary involvement of the photoreceptor outer segments in hexachlorophene retinopathy has been confirmed in rats.23
